The product chain length determination mechanism of type II geranylgeranyl diphosphate synthase requires subunit interaction.
The product chain length determination mechanism of type II geranylgeranyl diphosphate synthase from the bacterium, Pantoea ananatis, was studied. In most types of short-chain (all-E) prenyl diphosphate synthases, bulky amino acids at the fourth and/or fifth positions upstream from the first aspartate-rich motif play a primary role in the product determination mechanism. However, type II geranylgeranyl diphosphate synthase lacks such bulky amino acids at these positions. The second position upstream from the G(Q/E) motif has recently been shown to participate in the mechanism of chain length determination in type III geranylgeranyl diphosphate synthase. Amino acid substitutions adjacent to the residues upstream from the first aspartate-rich motif and from the G(Q/E) motif did not affect the chain length of the final product. Two amino acid insertion in the first aspartate-rich motif, which is typically found in bacterial enzymes, is thought to be involved in the product determination mechanism. However, deletion mutation of the insertion had no effect on product chain length. Thus, based on the structures of homologous enzymes, a new line of mutants was constructed in which bulky amino acids in the alpha-helix located at the expected subunit interface were replaced with alanine. Two mutants gave products with longer chain lengths, suggesting that type II geranylgeranyl diphosphate synthase utilizes an unexpected mechanism of chain length determination, which requires subunit interaction in the homooligomeric enzyme. This possibility is strongly supported by the recently determined crystal structure of plant type II geranylgeranyl diphosphate synthase.